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Abstract 
Animal waste was a resource for thousand years in 
Chinese society. Animal waste was made for com-
post and used as fertilizer. It was also used as feeds, 
directly or indirectly, for aquaculture animals. Unfor-
tunately, the animal waste management in our coun-
try has not progressed as we expected because the 
size of animal farms is expanding. The result of this 
change caused animal waste became a contamination 
source, this included solid and liquid waste, air waste 
(odor) and greenhouse gases. In recent years, these 
wastes became resources again. The problem at pres-
ent is how to use all these resources properly in an 
economical way. The solution depends on technical 
approaches but also requires government policy and 
consideration form the public. Waste management 
will include: management, nutrition, house, pig toilet, 
scraper under slatted floor, breeding, separator, anaer-
obic treatment, aerobic treatment, sludge treatment, 
deodorization, compost production, and greenhouse 
gases. 
Introduction 
Animal waste was a resource for thousand years in 
Chinese society. Animal waste was made for com-
post and used as fertilizer. It was also used as feeds, 
directly or indirectly, for aquaculture animals. Unfor-
tunately, animal waste management in our country 
has not progressed as we expected because the size of 
animal farms is expanding. The result of this change 
caused animal waste became a contamination source, 
this included solid and liquid waste, air waste (odor) 
and greenhouse gases. In recent years, these wastes 
became resources again. The problem at present is 
how to use all these resources properly in an econom-
ical way. The solution not only depends on technical 
approaches but also requires government policy and 
consideration form the public. 
There are two types of studies on waste manage-
ment in Taiwan, as the whole world's research. Type 
1 research depends on farms' need, whether it is a 
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long or short term. Another type of research depends 
on researchers' personal view without field experi-
ence. This report will focus on Type 1 research. The 
whole idea will be based on Figure 1 which is a flow 
chart of animal waste management. The flow chart 
was drawn in 1997 and some modifications have been 
made. 
Management 
Good management on animal feeding resulted in 
less feed wastage spilled from the trough. Manure 
usually accounts for 35-25% ofN and energy of feed 
due to digestibility efficiency. This is because the 
digestion is about 65-75%. Phase feeding is another 
good management on reducing feed and nutrient 
wastage in waste. 
Nutrition 
Ideal protein or amino acids- balanced feed can 
reduce N waste in manure, and also improve pig per-
formance. 
Balanced feed for animals can reduce feed wastage, 
e.g. Ca, P, and other minerals. 
The reduction of common salt in feed is another 
way to reduce the salt in soil. Our result showed that 
0.25% of salt for nursery pigs is sufficient to improve 
piglet performance. 
Although the higher inclusion rate of Cu and Zn in 
pig diet can reduce diarrhea and improve piglet per-
formance, it can cause metal contamination in soil, 
especially the accumulation of Cu and Zn in soil. Our 
government has a strict rule on the usage of Cu and 
Zn in pig diet. 
Including phytase in pigs and poultry diet became a 
quite common operation in Taiwan. 
It is important to use Ca and other micro miner-
als in animal diet properly. The procedure aims not 
only to reduce contamination but also to improve pig 
performance. Overdose of micro mineral also causes 
contamination of land. 
Liang Chou Hsia 
House 
Proper animal house design can reduce animal 
waste problems (solid, liquid and odor), reduce bac-
teria and improve animal welfare in the animal house, 
e.g. wet pad and forced ventilation system for ani-
mals. 
Another important issue in designing an animal 
house is to separate rain water from waste water. This 
separation can not only reduce the quantity of waste 
water but also avoid the damage of anaerobic waste 
water treatment. The rain water has lower oxygen 
content. If all raining water pours in the anaerobic 
treatment system, anaerobic bacteria in the system 
will be killed. Since anaerobic bacteria need time to 
be built up, the whole waste treatment system will be 
wrecked by the rain water. Deep bedding system is 
appropriate for small farms, however, not practical 
for big pig farms Moreover, this system causes dif-
ficulty in field management because it cannot easily 
control diseases widely spread in the farms. 
Pig toilet 
The topic has become a very big issue in Taiwan. 
EPA Taiwan even believes this is the best way to 
solve waste management problems. It is true that pigs 
will urinate or defecate in a specific place when the 
group size in a pen is small. However, it creates prob-
lems when the group size is big and density of pigs in 
the pen becomes higher. The problem is that pigs will 
not follow the rule of toilet location when the group 
size becomes big and its density becomes higher. 
Scraper under Slatted Floor 
The scraper system should be accompanied with 
two systems. Firstly, the scraper system should sepa-
rate solid from liquid; otherwise the waste will be 
too wet and cannot be handled easily. Secondly, if 
the farm uses the system, they should remove solid 
as soon as possible. They also should have a good 
ventilation system; otherwise the odor becomes quite 
heavy inside the animal house. 
Breeding 
The better the animal performance is, the more 
waste problems will be solved. Many politicians said 
we should reduce the total number of animals. On 
the basic calculation, domestic animal farms have 
reduced total waste over the last 40 years, but are still 
able to keep even more animals for human consump-
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tion. 
Feed efficiency is 4.5 for G-F pigs. 
Today, feed efficiency is 3.0, even less for G-F pigs. 
In consequence, there is a 1.5 kg feed difference 
per kg body weight. 
1.5 kg x (120 kg - 20 kg) = 150 kg feeds 
Taiwan has 8,000,000 pigs / year; the total feed 
save per year is 
150 kg x 8,000,000 = 1,200,000,000 kg feeds 
1,200,000,000 kg feeds / (3.0 x 100 kg) = 4,000,000 
pigs 
This result showed that the whole Taiwan could 
raise 4,000,000 pigs or more. 
Separator 
Some time ago, there were five types of separa-
tors for animal waste treatment developed in Taiwan: 
round vibrated separator, square vibrated separator, 
stationary separator, water wheel separator, and cen-
trifuge sedimentation. The stationary separator is at-
tached with several accessories such as a screw dryer, 
a vacuum dryer, and cleaning filter components. At 
present, there are only two types: stationary separator 
and water wheel separator. This does not mean that 
other separators are not good. This is simply because 
the above two types sell well. We did several tests 
and found that there was a big difference in separa-
tion efficiency among separetors. 
Below are several big arguments on separators. 
Argument 1: If farmers use a separator, there is 
very little solid left for producing methane gas in 
anaerobic digester. The conclusion for this argument 
is farmers' demand. The farmers want more methane 
or they want more efficiency on waste treatment. If 
they want more methane, they also need to know how 
to deal with sludge. Since farmers need more solid 
to make compost, then they use separators, however 
they also need small quantity of less-odor compost 
for making plants. 
Argument 2: The solid produced from a separator 
has less nitrogen. However, nitrogen in the separator 
product will also reduce during composting, and the 
final N content does not have a very big difference. 
Argument 3: Do we really need a dryer for a sepa-
rator? The first issue in this argument is where we put 
separator products, inside or outside the house. The 
second issue is how many separator products will be 
produced each day. If a farm only produces a limited 
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amount of products, they will have lower water con-
tent 3-5 days later. 
Argument 4: Puting separator products on a special 
screen and letting water drop into the underneath tank 
in which waste water flows, accumulates, and is wait-
ing for separation. 
Argument 5: Whether or not the solid part of waste 
water accumulated in the bottom of the tank with 
a slatted floor can be separated by the separator. It 
seems that this kind of water is not easily separated 
by machine. It becomes small sticky particles within 
3-5 days. 
Anaerobic Treatment 
Taiwan pig farmers, researchers and politicians are 
lucky because we promote anaerobic digesters to pro-
duce methane gas for family use. This project started 
in 1956 (JCRR, 1956). There were 4135 farms using 
this system from 1965 to 1970. During the period, 
farmers used an iron cover and later used a plastic 
cover to produce methane. In 1974, the first red mud 
plastic (RMP) bag in the world was developed by 
three researchers in Taiwan. Since then, there has 
been a rapid development in anaerobic digester and 
methane gas production. 
The methane gas used for cooking, piglet heaters, 
cars, water pumps, and electricity became successful 
around 1975 (Hong, 1999). There were 1456 farms 
with piglet heaters from methane gas production. 
There were 717 farms using methane gas to produce 
electricity from 1990 to 1995 (Hong, 1999). The 
group also developed two major methods to reduce 
H2S and NH3 from methane gas. All these researches 
did not start using methane gas only for waste man-
agement. Based on this method, waste treatment for 
livestock was more actively promoted. This is why 
farmers are lucky. All these major development and 
researches were carried out before the law was en-
forced (1998). 
There are also a lot of research in progress now; 
for example, how to use waste water from anaerobic 
treatment to cultivate algae. 
Our group concentrated on how to improve the ef-
ficiency of anaerobic treatment. The first step was to 
use an economic biological membrane to improve the 
performance. The second step was to use a two-stage 
treatment to improve the anaerobic treatment. 
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Aerobic treatment 
It is quite difficult to transform anaerobic treatment 
to aerobic treatment. There are two reasons. Firstly, 
we can use anaerobic treatment because we should 
transfer it to aerobic treatment. Secondly, aerobic 
treatment needs electricity. From today's point of 
view, some of these arguments are still true, and an-
aerobic treatment needs a big amount of investigation 
cost. However, if waste treatment needs to achieve 
government standard "consistency", farms need to 
use aerobic treatment. Usually, anaerobic and aerobic 
treatments use waste in high and low density, respec-
tively. If we adopt the combination of the above sepa-
rators, anaerobic and aerobic treatments may be still 
good methods. 
In recent years, our research on aerobic treatment 
is focused on the following points: 1. how to improve 
the efficiency of aerobic treatment by a biological 
membrane, 2. how to reduce electricity cost by inter-
val aeration. The result showed a significant reduction 
of N in waste water. This result requires more studies 
in the future because the issue of the issue of whether 
or not N becomes N2 or N20 needs further clarifica-
tion. 
Which kind of aeration can reach the maximum 
performance was tested by Hong's group many years 
ago. These methods include oxidation ditch, air jet 
surface aeration, sink air jet, air bubble. It seems that 
all methods can achieve some results, but they are 
not practical in animal waste treatment. We tried air 
pump in Pig Research Institute. Our results showed 
that the oxygen dissolving rate was not the best one, 
but the system was easy to maintain and inexpensive. 
The system also has another advantage; the system 
can stir waste water evenly and does not cause sedi-
ment. 
Another crucial finding is that batch system is also 
better than continuous flow system. This is because 
the continuous flow system always causes a mixture 
of dirty and clean water. 
Sludge 
Aerobic and anaerobic waste water treatments al-
ways produce sludge. The sludge cannot be easily 
pumped out by water pump. On the other hand, it 
also needs sludge for waste treatment, so the best way 
is to pump 5 to 10 minutes of sludge and send it to 
sludge drying bed. The sludge used by Hong's group 
is too big. Our drying bed is divided into 7 layers. 
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Everyday a little sludge is pumped into each layer, 
and 7 days later they will become dry by evaporating 
water from the plastic cloth in natural and ventilation 
system. 
Good dry sludge is dead bacteria. It is very hard it-
self, but will become soft when it is added with water. 
Deodorization 
Odor always offends your neighbor. There was an 
interesting method developed about 18 years ago in 
Taiwan. We measured and tested the method, and 
found that it was useful and efficient but needed to 
meet a few requirements. An ordinary black net is 
set 5-6 meters away from fans and it is about 1.5 to 
2 meters higher than the top of the exhaust fan. The 
black net needs support on the back. The width of the 
net should be about 2 meters away from margins of 
the last fan on each side. The division on the back of 
black net is about 1 meter. The width should be about 
the same as the black net. If possible, the top of the 
net should have a slope toward fans. Both sides of the 
black net about 1 meter on each side should have a 
slope towards the house. The net is 5-6 meters away 
from the fans. If the distance between the fan and the 
net is too short, it may influence on the fan's speed. 
However, if the black net is too far away from the 
fan, the dust cannot be caught by the black net. The 
basic principle of this black net is that it can collect 
dust. According to the literature, it is proven that the 
odor and bacteria usually adhere to the dust. There is 
no need to clean the net unless the area has no rain. 
If you do not use forced ventilation system to re-
move odor (tunnel ventilation system), you need to 
clean manure frequently and provide some feed addi-
tives for the animals, but problems still occur. 
Compost 
There are more than 186 compost plants in Taiwan 
in 1997. Most of them have an automatic control 
system. One organization will evaluate them once a 
year. Every year they will select A + and A class plants 
and present them certificates. The primary research 
on compost was centered from 1955 to 1965. During 
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this period, Taiwan Sugar Company use pig manure 
as fertilizer for sugarcane. The second peak to make 
compost started in 1991. The government was will-
ing to solve solid animal waste and other agriculture 
waste problems (e.g. saw dust from mushroom pro-
duction, bagasse, rice hull and etc.). They encouraged 
people to invest in compost plants. At this stage, the 
most research was concentrated on the following 
points: 1. How to produce good quality of compost, 
2. How to reduce odor, 3. How to evaluate the mature 
of compost, 4. How to sell compost to farms at the 
end of spring and fall, 5. How to make specific com-
post for special plants. 
Over the last 10 years, compost plants were under 
two kinds of pressure: 1. How to produce nutrient-
balanced compost, 2. How to produce compost which 
can inhibit bacteria growth in soil. The technology 
of organic farming causes some misunderstandings. 
It is important to use compost as fertilizer. Compost 
can improve the physical property of the soil. This is 
the primary contribution of compost to soil. It is also 
important to have balanced nutrients for plants. To-
day, Taiwan has several fertilizer additives which are 
not chemical bactericide and controlled by biological 
methods. There is a technology developed in Taiwan 
to kill spore and bacteria. We expect it will succeed. 
Greenhouse Gases 
Many researchers are working on the production 
of greenhouse gases. We also try several methods to 
reduce greenhouse gas production when we feed ani-
mals. We also try to reduce CH4 and CO2 from ma-
nure. Methane can be used for producing electricity 
and some other energy sources. After burning, they 
also produce CO2• Our research may be the first to 
use CO2 to cultivate algae and vegetables. It seems to 
have good results. 
Conclusion 
Good animal waste treatment and compost produc-
tion can be conducted using different methods. These 
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Figure 1. Waste Management Flow Chart (Hsia, 1997) 
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